SUMMARY Aortic root echocardiograms were recorded from 89 patients whose aortic valves had also been adequately defined by selective angiography or viewed surgically or at autopsy. The eccentricity index (E.I.) of the aortic leaflets was measured at the onset of diastole and an E.I. of 1.3 or greater was taken as abnormal.
Of 31 patients with isolated nonobstructed or mildly obstructed bicuspid aortic valves (7 viewed previously at valvotomy and 24 diagnosed radiologically) 23 (74%) had an abnormal E.I. Varying eccentricity occurred in some of these patients. Central leaflet echoes (E.I. of 1.0 to 1.25) were present in the other eight patients. All 14 patients with nonobstructed tricuspid aortic valves had central echoes. Additional multilayered diastolic echoes were found in patients with bicuspid aortic valves as well as in two patients BICUSPID AORTIC VALVE is the commonest congenital abnormality of the heart. It occurs in 1.3 to 2.0% of routine autopsies.1 2 There is evidence that bicuspid valves may thicken, calcify and result in aortic stenosis in adult life.3 These valves have a greater risk of being the site of bacterial endocarditis than do normal tricuspid aortic valves8 9 and are also prone to develop incompetence."0 A risk of the associated sinuses of Valsalva becoming aneurysmal or rupturing has been stated."1 These possibilities of complications and the frequent incidence of the condition in the population make it desirable to identify this abnormality by a reliable noninvasive method. Prophylaxis against infective endocarditis at times of risk could then be advised and a follow-up program for early detection of other complications could be instituted.
Clinically, an ejection systolic murmur and aortic ejection click may be heard. Whether these auscultatory signs are specific for a bicuspid aortic valve and are present in every case is not known.1' Echocardiography has developed rapidly as a reliable noninvasive diagnostic tool. Reports of its use to distinguish between the normal and diseased aortic valves appear encouraging. 2 6 The aortic root echocardiogram of a patient whose aortic valve was viewed at surgery and observed to be bicuspid with right and left cusps. The echo of the aortic leaflets is central.
logically. The other five were similar in that they had high membranous defects and tricuspid aortic valves on angiography. Four of these patients had radiological evidence of aortic cusp prolapse through the VSD (two with aortic incompetence). The fifth patient had no definite evidence of prolapse.
The remaining 15 patients in the total group of 21 with VSD had central aortic leaflets by echocardiography and confirmation of tricuspid aortic valves on angiography or surgery. These included two patients with aortic regurgitation and prolapse of the right coronary cusp through a high membranous VSD.
Group 4B
None of the ten patients with tetralogy of Fallot had an abnormal eccentricity index (_ 1.3). However, one was considered to have a bicuspid aortic valve by angiography and this was confirmed at surgery. This patient's E.I. was 1.2. Another patient had radiological evidence of prolapse of the right aortic cusp and mild aortic regurgitation. His E.I. was also 1.2. One patient with a central echo and a tricuspid aortic valve by angiography had autopsy confirmation of a normal tricuspid aortic valve. Discussion Normal aortic valves are tricuspid and have equal-sized cusps with commissures situated equally at one third of the circumference of the aortic ring, resulting in three sinuses of equal size. Variations occur in which there are three sinuses of unequal size and three unequal cusps without fusion.6 Bicuspid aortic valves may have three unequal sinuses and evidence of fusion of two cusps with a wide raphe visible, or there may be only two sinuses, two commissures and a small raphe.2 Other variations of the anatomy of aortic valves are rarer and include unicommissural unicuspid valves, acommissural valves, and quadricuspid valves.1', 17 It is important to be aware of these anatomical variations when endeavoring to study the aortic valve by angiography or echocardiography.
The angiographic diagnosis of a bicuspid aortic valve cannot be considered totally reliable, because there are variations in appearances.18 For this reason we have attempted to obtain visual confirmation of the echo and angiographic appearances whenever possible to minimize the possibility of error when one image technique is compared with another. For greater reliability a small group of seven patients whose aortic valves were seen at surgery and noted to be bicuspid, and who currently have no evidence of re-stenosis, have been included. In addition, the valves of all patients with significant aortic valve lesions have been visualized at surgery, and a small number of patients in each of the other groups have had follow-up of the radiological and echocardiographic assessments at surgery or autopsy.
Abnormal eccentricity of the aortic leaflets on echocardiography has been found in 74% of our We have encountered beat to beat variation in eccentricity at the onset of diastole, recorded from a constant transducer position. These variations occurred at a more rapid rate than respiration. Thus, they may be related to the forward systolic movement of the aortic root during the cardiac cycle resulting in the transducer beam transecting the root at different angles during this motion. Nanda et al. ' 4 observed variations of leaflet position throughout one diastole and related this finding, and also the appearance of multiple diastolic echoes, to redundant folds of leaflet tissue.
The study of Glancy et al. ' 9 indicated that abnormal aortic valves occur more frequently with tetralogy of Fallot than in the general population. We have not found echocardiography to be useful diagnostically in our small group of patients with tetralogy of Fallot whose aortic cusps were adequately recorded. E.I.s of 1.2 occurred in tetralogy patients with normal tricuspid aortic valves, and also in a proven bicuspid aortic valve and in a known case of aortic valve cusp prolapse through the VSD. The difficulties with echocardiographic diagnosis in this group may be related to the fact that the aortic root is large and anteriorly situated and there is an associated high VSD.
In conclusion, echocardiography of the aortic root is useful in making the diagnosis of a bicuspid aortic valve when the E.I. is . 1.3, provided that there is no associated high membranous VSD. However, a normal E.I. does not exclude the presence of a bicuspid valve since central aortic leaflet echoes occur in approximately 25% of cases. Normal tricuspid aortic valves without associated VSD all have a central E.I. Multilayered echoes in diastole occur with both bicuspid and tricuspid valves, but this sign indicates that the valve is abnormal. Echocardiographic analysis of the aortic root is an important screening procedure in the detection of bicuspid aortic valves.
